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Potassium and phosphate absorption by excised ordinary and 
proteoid roots of certain species of the Proteaceae was 
investigated, using 86Rb (as substitute for 42K) and 32P as 
tracers. The respiratory uncoupler, 2,4-dinitrophenol (DNP), 
inhibited the uptake of potassium and phosphate. The greater 
inhibition obtained with proteoid roots possibly suggests that 
they possess a greater capacity for metabolic absorption than 
the ordinary roots. Absorption of potassium and phosphate over 
a concentration range of 0,005- 50 mmol dm - 3 KCI and 
KH2P04 respectively, was investigated. Lineweaver-Burk kinetic 
analysis of the data on potassium absorption in the low 
concentration range (0,005- 1,0 mmol dm- 3 KCI) revealed a 
more effective absorption mechanism in the case of proteoid 
roots. Kinetic analysis of the data on phosphate absorption in 
both the low (0,02- 1,0 mmol dm - 3 KH2P04) and high (1 ,0- 50 
mmol dm - 3 KH2P04) concentration ranges points to a more 
effective absorption mechanism in proteoid roots. Phosphate 
absorption by proteoid roots showed a distinct peak between 
pH 4 and 5,5. 
S. Afr. J. Bot. 1986, 52: 277-281 
Opname van kalium en fosfaat deur afgesnyde gewone en 
proteo"iede wortels van sekere soorte van die Proteaceae is 
ondersoek. As merkers is 86Rb (as plaasvervanger vir 42K) en 32p 
gebruik. Die respiratoriese ontkoppelaar, 2,4-dinitrofenol (DNP) 
het die opname van kalium en fosfaat deur gewone en 
proteo"iede wortels onderdruk. Die groter mate van 
onderdrukking by proteo"iede wortels dui moontlik daarop dat 
hulle oor 'n groter vermoe tot metaboliese opname as die 
gewone wortels beskik. Die opname van kalium en fosfaat oor 
'n konsentrasiegebied van 0,005- 50 mmol dm- 3 KCI en 
KH 2P04 onderskeidelik, is ondersoek. Lineweaver-Burk kinetiese 
analise van die gegewens ten opsigte van kaliumopname in die 
lae konsentrasiegebied (0,005- 1,0 mmol dm- 3 KCI), dui op 'n 
meer effektiewe meganisme van opname by proteo"iede as 
gewone wortels. Kinetiese analise van die resultate verkry 
tydens fosfaatopname in sowel die lae (0,02- 1,0 mmol dm - 3 
KH2P04) as die hoe (1 ,0 - 50 mmol dm- 3 KH2P04) 
konsentrasiegebied, dui ongetwyfeld op 'n meer effektiewe 
meganisme van metabol iese opname by proteo"iede wortels. 
Fosfaatopname deur proteo"iede wortels het 'n duidelike piek 
tussen pH 4 en 5,5 getoon. 
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Introduction 
Proteoid roots are characteristic of almost all species of the 
Proteaceae. Lamont (1980) determined that proteoid roots 
were present in 50 species which can be regarded as represen-
tative of the 13 genera of the Proteaceae in southern Africa. 
The term 'proteoid roots' was initially used only to describe 
the dense clusters of fine roots which occur in longitudinal 
rows along the ordinary roots of members of the Proteaceae. 
According to Gardner et a/. (1982) similar structures have also 
been found on species of other plants, e.g. Lupinus. 
According to Lamont (1972), proteoid roots can be dis-
tinguished from ordinary roots by their relatively uniform 
length, their restricted growth, the great abundance of root 
hairs present, their inability to form new roots and their 
restricted lifetime - approximately two to three months in 
the case of Leucospermum parile (Jongens-Roberts 1981). 
It is further generally accepted that proteoid roots are 
specialized structures which developed in reaction to the 
extremely low concentrations of nutrients present in the soils 
in which these plants are normally found. Groves (cited by 
Jeffrey 1967) determined that proteoid root development in 
Banksia ornata occurred at an earlier stage in culture solutions 
with the lowest phosphate content. Establishment of young 
seedlings, especially on poor substrates, is apparently made 
possible by a high nutrient status of the seed (Groves & 
Keraitis 1976). 
The fact that most members of the Proteaceae can survive 
and even flourish on poor substrates, and that proteoid roots 
are such a characteristic component of their root systems, 
might be an indication that proteoid roots fulfil some impor-
tant role in their mineral nutrition. 
In this investigation an attempt was made to determine the 
possible role of proteoid roots in the mineral nutrition of the 
Proteaceae by comparing the ion absorption capacity of 
excised ordinary and proteoid roots . 
Materials and Methods 
Plants, 8 to 18 months old, of those species indicated in the 
relevant tables and figures, were obtained from nurseries. 
The roots were washed in running tap water, followed by 
rinsing in deionized water. The young root tips and the clusters 
of proteoid roots were excised and suspended in an aerated 
0,5 mmol dm- 3 CaS04 solution (Epstein 1961). Following 
determination of their fresh mass, root samples were placed 
in nylon gauze bags (50 x 70 mm), consisting of two com-
partments (Jooste & De Bruyn 1979). Ordinary roots were 
placed in one compartment and proteoid roots in the other. 
This ensured that the two types of roots were subjected to 
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identical experimental conditions. 
The bags containing the root samples were placed in an 
aerated 0,5 mmol dm - 3 CaS04 solution at 25°C. The mini-
mum volume of this solution - the so-called 'intermediate 
solution' - was 150 cm3 per sample. 
After 30 min in the intermediate solution, the samples were 
transferred to the various experimental solutions, which were 
also continuously aerated. Unless otherwise specified, the 
samples were exposed for I h to the experimental solution 
at 25°C. 
Each sample was thereupon rinsed for a total of 1 min in 
a separate series of four beakers each containing 200 cm3 
deionized water. 
In most cases (see text), the samples were subjected to a 
desorption treatment at 2°C for 30 min in a continuously 
aerated desorption medium with minimum volume of 250 
em - 3 per sample. The experimental solutions and desorption 
media contained KCl or KHzP04 at a concentration of 
0,5 mmol dm - 3 (unless otherwise specified) in a 0,5 mmol 
dm - 3 CaS04 solution. To the experimental solutions approxi-
mately 333 kBq 86Rb or 32P per 2 dm3 were added as tracers. 
86Rb was used as substitute for 42K (Epstein & Hagen 1952; 
Epstein 1961; Rains et a!. 1964) and both isotopes were 
obtained from the Radiochemical Centre, Amersham, U.K. 
Unless otherwise specified, the pH of both the experimental 
solution and desorption medium varied between 5,5 and 6,0. 
Where the effect of 2,4-dinitrophenol (DNP) was studied, the 
latter was used at a concentration of 0,5 mmol dm - 3. 
Following removal of the samples from the experimental 
solution or the desorption medium, they were placed on 
absorbent paper for 12 h to dry before ashing. (Too dry 
material is brittle and difficult to remove from the bags.) 
The samples were dry-ashed according to an adaptation of 
the method described by Du Preez et a!. (1981) and analysed 
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radiometrically by liquid scintillation counting using a com-
mercial scintillation mixture. Potassium and phosphate uptake 
were calculated from the 86Rb and 32P content of the samples 
and the specific activity of the experimental solutions. 
Two to three replicates of each treatment were employed; 
each experiment was repeated at least twice on consecutive 
days. The mean and standard error for each treatment were 
calculated. Differences between means of more than twice the 
standard error were regarded as significant. 
Results and Discussion 
Insufficient quantities of suitable experimental material (plants 
of the same age with proteoid roots) necessitated the use of 
more than one species. However it was assumed that the role 
and behaviour of roots, especially proteoid roots, would be 
the same in all species. 
Short term absorption studies of this nature are usually 
carried out with 'low salt ' roots (roots with a low content of 
ions in general, and of the ion under investigation in parti-
cular). Since it is difficult (or even impossible) to generate low 
salt roots of the Proteaceae, the ion content of ordinary and 
proteoid roots of Protea repens growing in the field, was 
therefore determined during a period of five months (Table 1). 
No definite pattern concerning differences in ion content 
between the two types of roots was evident. Interpretation 
of the results took into account the possible effect of initial 
differences in potassium and phosphate content of the two 
root types. 
The effect of DNP on potassium and phosphate 
absorption 
In investigating the metabolic nature of absorption of mineral 
elements by plant tissue, metabolic inhibitors are generally 
employed (Ordin & Jacobson 1955; Sutcliffe & Baker 1974; 
Table 1 lon content ( ± standard error) of roots of Pro tea repens growing in 
the field. Average of 5 replicates. o. roots - ordinary roots; p. roots - proteoid 
roots 
Ion content (mg g - 1) 
p K Ca Na 
Date o. roots p. roots o. roots p. roots o. roots p. roots o. roots p. roots 
15/ 5 0 0,59 3,00 1,37 8,34 8,69 3,32 1,29 
± 0,00 ± 0,08 ± 0,08 ± 2,14 ± 0,36 ± 0,01 ± 0,00 
15/ 6 0 0 1,88 1,87 8,63 5,85 3,02 2,06 
± 0,00 ± 0,34 ± 1,68 ± 0,08 ± 0,01 ± 0,15 
15/7 0,81 0,55 2,44 1,79 6,16 5,12 1,94 1,16 
± 0,00 ± 0,00 ± 0,09 ± 0,02 ± 0,84 ± 1,24 ± 0,04 ± 0,01 
30/7 0,70 1,14 2,53 3,88 5,76 4,67 1,88 1,87 
± 0,02 ± 0,10 ± 0,21 ± 0,08 ± 0,21 ± 0,05 ± 0,08 ± 0, 11 
15/ 8 0,33 0,59 2,36 2,64 7,22 6,64 2,12 2,38 
± 0,00 ± 0,00 ±0,02 ± 0,01 ± 0,09 ± 0,27 ± 0,02 ± 0,05 
30/ 8 0,87 0,40 2,63 1,45 6,68 5,28 2,39 1,64 
± 0,01 ± 0,00 ± 0,00 ± 0,00 ± 0,06 ± 0,13 ± 0,21 ± 0,01 
15/9 0,73 0,38 2,00 1,01 7,00 5,01 2,33 1,66 
± 0,02 ± 0,00 ± 0,00 ± 0,00 ± 0,46 ± 0,21 ± 0,01 ± 0,00 
30/ 9 0,36 0,24 2,55 1,33 8,33 5,33 2,00 1,33 
± 0,01 ± 0,00 ± 0,01 ± 0,00 ± 0,78 ± 0,11 ± 0,00 ± 0,00 
15/ 10 0,07 0,33 2,22 2,22 5,21 5,90 2,22 2,50 
± 0,01 ±0,02 ± 0,02 ± 0,14 ± 0,00 ± 0,12 ± 0,02 ± 0,00 
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Jooste 1973). In this investigation the respiratory uncoupler, 
DNP, was used. 
In the study of both potassium and phosphate absorption, 
two experimental solutions were used; one with and the other 
without DNP. Two absorption periods were employed, 
namely 15 and 60 min. Half of the samples in each of the 
treatments were subjected to a desorption treatment. 
Tables 2 and 3 show that absorption of both potassium 
and phosphate was suppressed by DNP, and that this inhibi-
tion was greater in proteoid than in ordinary roots. This was 
particularly striking in the case of the 15 min absorption 
period. 
It is also clear that desorption was responsible for the 
removal of a considerable fraction of the absorbed potassium 
and phosphate in both ordinary and proteoid roots. No 
definite conclusions can therefore be drawn concerning any 
difference in the extent of the apparent free space in the two 
types of roots . 
Potassium and phosphate absorption at different 
concentrations 
Epstein et al. (1963) proposed two mechanisms of ion ab-
sorption - one operating at a concentration of the ion in 
the external solution of up to 1 mmol dm - 3 (mechanism 1), 
and the other from 1 mmol dm - 3 upwards (mechanism 2). 
Different interpretations are currently given to this finding, 
for example by Nissen (1971) and Gerson & Poole (1971). 
Nevertheless, absorption studies over a wide concentration 
range supply valuable information concerning the ability of 
different plant roots to absorb ions. 
Jackman (1965) studied the absorption of rubidium by 
excised roots of two grass species and two legumes. The 
above-mentioned two absorption mechanisms were observed 
throughout. It was further established that the maximum rate 
of absorption (V max) of mechanism 1 was much greater for 
grass roots than for the roots of the legumes. The cor-
responding values for mechanism 2 were, on the other hand, 
found to be very similar. Jackman suggests that these findings 
agree with the performance of these species in the field. 
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Legumes respond well to applied potassium when grown with 
grasses, but where deficiency conditions exist, when only 
mechanism 1 is operating, the legumes appear to compete less 
successfully with the grasses. 
In the light of the above-mentioned findings, and in view 
of the fact that Proteaceae generally grow in relatively poor 
soils, the uptake of potassium and phosphate in the 'low' and 
'high' concentration ranges was compared. 
Potassium and phosphate absorption was studied over a 
concentration range of 0,005- 50 mmol dm- 3 KCl and 
KH2P04 respectively; 0- 1 mmol dm- 3 representing the low, 
and 1 - 50 mmol dm- 3 the high concentration range. 
An absorption period of 1 h was followed by a desorption 
treatment of 30 min. The results are presented in the form 
of a Lineweaver-Burk transformation of the Michaelis-Menten 
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Figure 1 Lineweaver-Burk plot of rate of potassium absorption by 
roots of Protea eximia (Salish . ex Knight) Fourcade in the low 
concentration range (0,005 - I mmol dm - 3) . 
Table 2 Effect of 2,4-dinitrophenol (DN P) on potassium absorption ( ± standard error) by roots of Leuco-
spermum cordifolium (Salisb. ex Knight) Fourcade 
Absorption 
period (min) 
15 
60 
K uptake (J..lg g - 1 sample) 
Proteoid roots Ordinary roots 
with desorption no desorption 
KCl KCl + DNP KCl KCl + DNP 
2,34±0,31 1,12±0,13 5,59 ± 0,81 2,60±0,32 
7,07±0,10 2,94±0,19 14,82±0,32 4,97±0,66 
with desorption no desorption 
KCl 
1,95 ±0,09 
6,04±0,21 
KCl + DNP 
1,62 ± 0,09 
3,18±0,67 
KCl 
4,90±0,12 
8,07±0,22 
KCl + DNP 
3,64±0,54 
5,38±0,06 
Table 3 Effect of 2,4-dinitrophenol (DNP) on phosphate absorption ( ± standard error) by roots of Protea 
repens (L.) L. 
Absorption 
period (min) 
15 
60 
P uptake (J..lg g - 1 sample) 
Proteoid roots Ordinary roots 
with desorption no desorption with desorption no desorption 
KHzP04 
KHzP04 + DNP KHzP04 
14,43± 1,24 1,45 ±0,32 22,9 ± 1,76 
51,97±5,63 3,61 ±0,40 66,86 ± 0,45 
KHzP04 
+ DNP 
2,79±0,38 
5,31 ±0,87 
13,34±0,58 
36,50±0,59 
5,30 ± 0,58 
8,81 ±0,64 
20,08±0,88 
45,42± 1,99 
9,59± 1,06 
13,89±0,73 
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equation. The calculated values for V max and Km are also 
shown. 
In the case of potassium absorption in the low concentra-
tion range (Figure 1), a straight-line relationship was obtained 
with proteoid roots, but not with ordinary roots. The latter 
might indicate that absorption by ordinary roots is not 
controlled by metabolic processes to such a great extent as 
in the case of the proteoid roots. The values for V max and 
Km with proteoid roots were 40 !J,g K g - 1 h- 1 and 0,056 
mmol dm- 3 KCl respectively. This shows that the mechanism 
for potassium absorption functions quite effectively in these 
roots. 
In the high concentration range, more potassium was 
absorbed by the proteoid roots than by the ordinary roots. 
Application of the Lineweaver-Burk kinetic analysis to these 
data was, however, not successful, and is therefore not 
included. This is not unexpected, because according to Epstein 
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Figure 2 Lineweaver-Burk plot of rate of phosphate absorption by 
roots of Pro tea compacta R. Br. in the low concentration range (0,02 - I 
mmol dm - 3). 
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(1972) this is usually not possible in the high concentration 
range. Similar effects were obtained by Jooste & De Bruyn 
(1979) in the case of iron absorption by excised root tips and 
leaf discs of the bean plant (Phaseolus vulgaris L.) 
On the other hand, kinetic analysis of the results in re-
spect of phosphate absorption in both the low and high 
concentration ranges displayed a straight-line relationship 
(Figures 2 & 3). 
In the low concentration range (Figure 2) the values for 
Km and V max with proteoid roots were 0,074 mmol dm- 3 
KHzP04 and 35,71 !J,g P g- 1 h-I respectively. The cor-
responding values with ordinary roots were 0, I 03 mmol dm- 3 
KHzP04 and 27,78 !J,g P g- 1 h- 1 respectively. The lower Km 
value and higher V max value obtained with proteoid roots are 
indications of a more effective mechanism of metabolic 
absorption than that operating in ordinary roots. 
Relatively high Km values were obtained with both proteoid 
and ordinary roots in the high concentration range (Figure 
3), indicating a lower affinity between the ion and carrier than 
in the low concentration range. Nevertheless, the Km value 
with proteoid roots (5,076 mmol dm - 3) was considerably 
lower than with ordinary roots (45,45 mmol dm- 3). However, 
V max values were in this case higher with ordinary roots 
(344,83 !J,g P g- 1 h - 1) than with proteoid roots (222,22 !J,g P 
g-1 h - 1). 
These results seem to indicate that proteoid roots, especially 
in the low concentration range, possess a highly effective 
mechanism of metabolic absorption. In the case of anion 
absorption, it even exists in the high concentration range. 
Potassium and phosphate absorption at different pH 
values 
Since the pH of the soil in which the various species of the 
Proteaceae grow is relatively low, of the order of pH 4,0- 5,5 
(Walters 1980), potassium and phosphate absorption by 
ordinary and proteoid roots were compared over a pH range 
of approximately 3 to 8. 
The experimental solutions contained potassium and phos-
phate at a concentration of 0,5 mmol dm- 3 and the pH was 
adjusted with 0,1 N HCl or 0,1 N NaOH (Epstein 1955; Rains 
et a!. 1964). Following removal from the experimental solu-
tions, the samples were subjected to a desorption treatment 
for 30 min. 
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Km =1.5,45mmol.dm3 
0 0.03 0,05 0.1 -3 j_ IPI = Kfi:zP04 concentration (nrnol.dm ) 
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Figure 3 Lineweaver-Burk plot of rate of phosphate absorption by roots of Protea compacta R.Br. in the high concentration range (I-
50 mmol dm - 3). 
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Figure 4 shows the results on potassium absorption. At pH 
3, absorption by proteoid and ordinary roots did not differ. 
With increasing pH, potassium absorption by both root types 
increased, but the increase was much greater with the proteoid 
roots. Above pH 5, absorption by the ordinary roots declined 
whereas that by proteoid roots remained more or less constant. 
In the case of phosphate absorption (Figure 5) the same 
tendency was observed with ordinary roots, namely increased 
absorption with increasing pH and a flattening of the curve 
above pH 6. In the case of proteoid roots however, there was 
a clear phosphate absorption peak between pH 4 and 5,5'. 
The above fmdings indicate that proteoid roots, particularly 
where phosphate absorption is concerned, fulftl an important 
function at the relatively low pH values of soils in which these 
plants normally occur. 
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Figure 4 Rate of potassium absorption by roots of Protea repens (L.) 
L. at different pH values. 
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Figure 5 Rate of phosphate absorption by roots of Protea compacta 
R.Br. at different pH values. 
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